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DETECTION O F INTE RFERING SIGNAL IN RADI O RECEIVE R^ 

BACKGROUND OF THE INVENTION 

The invention relates to a method of detecting an interfering signal 
in a time division multiple access (TDMA) radio receiver. 
5 When information is transferred over a radio channel, a signal to be 

transmitted has to be modulated. In modulation, the aim is to obtain a signal of 
a form which can be transmitted at a radio frequency. The prerequisite of a 
good modulation method is, for example, that it enables maximum amount of 
information to be transferred in a narrowest possible frequency band. De- 

10 pending on the purpose of use, other features may also be stressed. Further- 
more, modulation must not generate more than a minimum amount of interfer- 
ence to a neighbouring channel. 

One of the modulation methods is called 7t/4-DQPSK (TxM-shifted, 
Differential Quaternary Phase Shift Keying} modulation. This modulation 

15 method comprises eight phase states, but only four phase shifts. The ac- 
cepted phase shifts (symbols) are ±nI4 and ±37r/4. Figure 3A shows a modula- 
tion constellation diagram. Each phase shift corresponds to two bits that are to 
be transmitted. In other words, a digital signal modulates a carrier in two-bit 
sequences in such a way that a given phase shift corresponds to each two-bit 

20 combination during each symbol sequence. A symbol sequence refers here to 
a signal sequence which is used for transmitting the two bits. The phase shifts, 
which correspond to bit combinations 00, 01, 10 and 11, are nf4, 3n/4, -nf4 
and -37t/4. The symbol frequency used by the Terrestrial Trunked Radio sys- 
tem (TETFiA), for example, is 18 kHz and, consequently, the bit frequency is 

25 36 kHz. 

When a signal is received it has to be demodulated, i.e. the bits 
which are modulated to the signal have to be detected by a detector so as to 
find out the information included therein. In transmission over a radio path, an 
interfering signal may sometimes appear at the frequency used, which inter- 
30 fering signal uses a different modulation method from the one used by the ac- 
tual signal. In the TETRA system, for example, such an interfering signal can 
be detected by examining the training sequence, which is always included in a 
timeslot, of the received timeslot. When the bit error ratio of the training se- 
quence is calculated by comparing the training sequence with the stored ver- 
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sion of the training sequence and the bit error ratio exceeds a given threshold 
value, then the received signal is found out to be an interfering signal. 

A problem in the above arrangement is that factors, such as strong 
signal fading, which degrade the quality of reception may occur during the 
5 training sequence of the actual signal. The number of bit errors may then be- 
come so large that an interfering signal is mistakenly thought to exist. 

BRIEF DESCRIPTION OF THE INVENTION 

An object of the invention is thus to provide a method so as to solve 
the above problems. The objectives of the invention are achieved by a method 

10 which Is characterized by in the method taking samples from symbol se- 
quences of a received signal over a TDMA timesiot, generating by a modula- 
tion detector a signal path corresponding to the TDMA timesiot or a portion 
thereof, determining an error estimate representing the erroneousness of the 
signal path generated, comparing the error estimate with a predetermined 

15 threshold value, and recognizing the reception of the interfering signal if the 
error estimate is greater than the predetermined threshold value. 

The invention is based on the idea of determining an error estimate 
which represents the erroneousness of a signal path which corresponds to a 
TDMA timesiot, or a portion of the TDMA timesiot, of the received signal. The 

20 error estimate is compared with a predetermined threshold value, and on the 
basis thereof it is detected whether the received signal is an interfering signal. 

It is an advantage of the method of the invention that when a half 
timesiot, for example, is used as a detection interval, an interfering signal can 
be detected more reliably than it would be done only on the basis of the train- 

25 ing sequence. Furthermore, an error estimate possibly generated in connec- 
tion with the norma! signal detection can be used as an error estimate, ena- 
bling an extremely simple implementation. 

The invention also relates to equipment for detecting an interfering 
signal in a time division multiple access (TDMA) radio receiver, whereby the 

30 equipment is characterized in that the equipment comprises means for taking 
samples from symbol sequences of a received signal over a TDMA timesiot 
and a modulation detector for generating a signal path corresponding to the 
TDMA timesiot or a portion thereof, and that the equipment is arranged to de- 
termine an error estimate representing the erroneousness of the signal path 

35 generated and to compare the error estimate with a predetermined threshold 
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value, and that the equipment is also arranged to recognize the reception of 
the interfering signa! if the error estimate is greater than the predetermined 
threshold value. Such equipment enables the advantages of the method of the 
invention to be achieved in a simple manner. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in more detail by 
means of preferred embodiments with reference to the accompanying draw- 
ings, in which: 

FigurejUshows a block diagram of a structure of reception of the 
10 TETRA system; 

Figure 2 shows a simplified diagram of a frame structure of the 
TETRA system; 

Figure-3A-shows a phase shift diagram of tc/4-DQPSK modulation; 
Ftgu re _3B shows constellation points of ttM-DQPSK modulation; 
15 Figure 4_shows a block diagram of an adaptive MLSE detector and 

channel estimators associated therewith according to an embodiment; 

Figure 5_shows a flow diagram of an embodiment of the method of 
the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

20 In the following, the invention is described in connection with the 

TETRA system with no intention to restrict the invention to any specific system 
or a modulation method. 

In the TETRA system, information bits which are obtained from a 
medium access layer (MAC) of a transmission path are encoded by block 

25 coding and convolution coding so as to detect and possibly correct at recep- 
tion the errors arising in a signal on a radio path. The encoded bits are inter- 
leaved in such a way that successive bits are far apart from one another. This 
facilitates error correction in case an instantaneous error falls on the radio path 
on the signal to be transmitted. The interleaved bits are mixed by using a 

30 given colour code by which the transmissions of different base stations can be 
recognized. In multiplexing, bits of different logical channels are combined. 
Thereafter, a burst is generated from the multiplexed bits. A burst is a struc- 
ture which is transmitted in one time division multiple access (TDMA) timeslot 
or sub-timeslot. The burst is composed of data bit fields 20 and 22 and a 

35 training sequence 21 therebetween in the middle of the burst, as illustrated in 
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Figure 2. Differential coding generates modulating symbols from pairs of bits of 
a burst. A carrier whicin is modulated by control of symbols is amplified in a 
transmitter and transmitted onto the radio path. 

The modulation is the above-described 7i/4-DQPSK {7t/4-shifted, 
5 Differential Quaternary Phase Shift Keying) modulation. This modulation 
method comprises eight phase states, but only four phase shifts. The ac- 
cepted phase shifts (symbols) are ±kI4 and ±3Tt/4. In practice, the Tr/4-DQPSK 
constellation thus varies at symbol intervals between two 4-pointed constella- 
tions which are illustrated in Figure 3B with four black points (the first constel- 

10 lation) and with four white points (the second constellation). When the symbol 
sequence changes it is only possible to shift from the white point to the black 
point and from the black point to the white point. Each of these eight constella- 
tion points can be presented with numbers 0 to 3, as shown in Figure 3B. The 
constellation points may shift because of the non-idealities of the radio chan- 

15 nel. 

Figure 1 shows a block diagram of a receiver structure of the inven- 
tion for the TETRA system, for example. Only parts of the transceiver which 
are essential to the description of the invention are shown. In reception, a sig- 
nal is obtained from an antenna (not shown), and the signal is first processed 

20 by radio-frequency parts. Next, AID converters (not shown) take samples from 
an intermediate frequency signal. The samples are supplied to a synchronizing 
block 11, as illustrated by a signal RF in Figure 1. The synchronizing block 11 
searches the obtained samples for a training sequence 21 which belongs to 
the frame structure. The training sequence enables the synchronizing block to 

25 accurately determine the moment of sampling, i.e. positions of all the symbols 
in a sample stream. The synchronizing block also controls the radio-frequency 
parts of the receiver in order that the signal which is supplied to the A/D con- 
verter would stay at an optimal level. The synchronizing block gives a frame to 
a channel equalizer and a detector block 12. The channel equalizer corrects 

30 the non-idealities caused by the radio path channel, and the detector associ- 
ated with the channel equalizer detects the information bits. Finally, a logical 
channel is generated from the frame in framing 13, and the logical channel is 
forwarded for further processing. 

In order to facilitate the understanding of the invention, an example 

35 is described above of a general structure of the transceiver. However, the 
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Structure of the transceiver may vary without deviating from the present inven- 
tion. 

In a preferred embodiment of the invention, the detector 12 is a 
MLSE detector which is provided with a Viterbi algorithm. In other words, the 
5 adaptive MLSE detector comprises a Viterbi detector 41 and at least one 
adaptive channel estimator 42^ (a=1...M^), as shown in Figure 4. The Viterbi 
detector 41 estimates the transmitted sequence from the received sequence r^ 
by a description created by the channel estimator 42a an impulse response 
of the radio channel. The channel estimator 42a adaptively estimates the im- 

10 pulse response of the radio channel by decisions or preliminary decisions 
which are made by the Viterbi detector 41. One channel estimate corresponds 
to one sequence of the Viterbi detector, it is possible to implement these esti- 
mates by one common channel estimator. However, this leads to degraded 
tracking ability of the channel estimator. The embodiment presented in Figure 

15 4 comprises several parallel channel estimators 42a, preferably as many as 
there are sequences. 

It is typical of the radio path that the signal which is transmitted ar- 
rives to the receiver over several paths which each have a specific time delay. 
In addition, channel properties change as a function of time. For example, 

20 beams that are reflected and delayed on the radio path generate intersymbol 
interference (!S1). The frequency response or the impulse response of the 
channel may be estimated by a discrete-time filter, i.e. a channel estimator, 
whose tap coefficients model the radio channel. The aim is to describe the 
state of the radio channel by means of the channel estimate. 

25 A channel estimator generally refers in this description to a mecha- 

nism which estimates and maintains a description of the complex impulse re- 
sponse of the radio channel. A method by which the channel estimate is up- 
dated is substantially associated with this mechanism, in the TETRA system, a 
least mean square (LMS) algorithm can be used for updating the channel es- 

30 timates. In order to ensure that the LMS algorithm is converged before the 
start of the actual information bits, the detector 12 has to obtain the best pos- 
sible initial estimate of the channel state. This estimate is obtained from the 
synchronizing block 1 1 which calculates a complex cross-correlation between 
the training sequence 21 of the received signal and the stored version of the 

35 training sequence. The cross-correlation result provides an initial value for the 
channel estimate, the initial value indicating the average state of the channel 
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during the training sequence. Channel correction and symbol detection begin 
not until the training sequence is received. This ensures that the timing of the 
symbols can be adjusted as accurately as possible and the initial estimate of 
the channel can be generated by symbol synchronization. The channel cor- 
5 rection both in the forward direction and in the backward direction takes place 
in such a way that after the estimates have been initialized, the detector 12 is 
instructed over the training sequence 21 towards the end of the burst or to- 
wards the start of the burst, respectively, as shown in Figure 2. 

A Viterbi algorithm is a method by which a trellis is searched from a 

10 set of signal paths for a signal path which corresponds to the maximum likeli- 
hood, in the set of signal paths, one channel estimate preferably corresponds 
to one signal path. It is also possible to use an estimate common to ail paths, 
as already mentioned above. Signal paths refer here to various combinations 
of successive modulation symbols. At each search stage for the trellis, M'- se- 

15 quences advance in the detector, each sequence comprising a specific path 
metric which is based on the Euclidean distance. Reference constellation 
points are constructed on the basis of the information which is available on the 
current state of the channel, i.e. on the basis of the channel estimate. When 
the reference constellation points have been calculated, the difference be- 

20 tween the reference point and the received sample can be calculated for each 
channel estimate. The channel estimate can be updated by means of this er- 
ror. The error metric of a given signal path is calculated by summing up the 
error metrics, i.e. quadratic errors, of all the points of the signal path. 

Figure 5 shows a flow diagram of an embodiment of the method of 

25 the invention. In accordance with the basic idea of the invention, in step 51 an 
error estimate is determined which represents the erroneousness of the signal 
path which corresponds to the timeslot, or a portion of the timeslot, of a signal 
received in step 50. According to the preferred embodiment of the invention, 
the error estimate is determined for a half timeslot 20 or 22. Furthermore, ac- 

30 cording to the preferred embodiment, as the error estimate is used an error 
metric which is generated by the detector 12, in addition to the bits it has de- 
tected, to represent in the manner described above in the description the erro- 
neousness of the bit information the detector has generated. Next, in step 52 
the error metric is compared with a predetermined threshold value. If the error 

35 metric value exceeds the threshold value, i.e. if the erroneousness of the sig- 
nal for each half timeslot is greater than the predetermined value, then it can 
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be assumed that the received signal is an interfering signal or a signal other 
than a TETRA-modulated signal (step 53). The method can be made more 
reliable by using a detection time period which is longer than a half timeslot. 

According to an alternative embodiment of the invention, besides 
5 the detector 12, one or more parallel detectors preferably of different types are 
employed. The parallel detectors operate independently and each of them 
generate an error metric value of their own for the information they have pro- 
duced. The detector having the best error metric value is selected from these 
parallel detectors, and the routine proceeds in accordance with the first pre- 

10 ferred embodiment of the invention by comparing the error metric of the se- 
lected detector with the predetermined threshold value as described above. 
When parallel detectors of different types are used, good performance can be 
achieved by one detector even in reception conditions in which the other de- 
tector does not operate optimally. A coherent detector, for example, operates 

15 well on a channel which contains noise but does not contain intersymbo! in- 
terference. Correspondingly, a better performance is achieved by a channel 
equalizer-type detector on a channel which contains intersymbol interference. 

It will be apparent to those skilled in the art that progress in tech- 
nology enables the basic idea of the invention to be implemented in various 

20 ways. The invention and its embodiments are therefore not restricted to the 
above examples but they may vary within the scope of the claims. 
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CLAIMS 

1. A method of detecting an interfering signal in a time division mul- 
tiple access (TDMA) radio receiver, characterized by in the method 

taking samples from symbol sequences of a received signal over a 
5 TDMA timeslot, 

generating by a modulation detector a signal path corresponding to 
the TDMA timeslot or a portion thereof, 

determining an error estimate representing the erroneousness of 
the signal path generated, 
1 0 comparing the error estimate with a predetermined threshold value, 

and 

recognizing the reception of the interfering signal if the error esti- 
mate is greater than the predetermined threshold value. 

2. A method as claimed in claim 1, characterized by using 
15 in the comparison an error estimate of a signal path corresponding to a half 

timeslot. 

3. A method as claimed in claim 1 or 2, characterized by 
using a signal path error metric which is generated by means of quadratic er- 
rors which are calculated on the basis of the difference between individual 

20 symbol sequence specific sample points and corresponding reference con- 
stellation points constructed on the basis of the channel estimate describing 
the state of the radio channel used as the error estimate representing the er- 
roneousness of the signal path. 

4. A method as claimed in claim 1,2 or 3, characterized by 
25 generating two or more alternative signal paths from the received 

timeslot or a portion thereof by two or more parallel modulation detectors pref- 
erably of different types, 

determining an error estimate of each signal path, and 
selecting the signal path having the best error estimate to be used 
30 in the comparison. 

5. Equipment for detecting an interfering signal in a time division 
multiple access (TDMA) radio receiver, characterized in that the 
equijament comprises 

means for taking samples (50) from symbol sequences of a re- 
35 ceived signal over a TDMA timeslot and 
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a modulation detector (12) for generating a signal path corre- 
sponding to the TDMA timeslot (20, 21 , 22) or a portion thereof, and that 

the equipment is arranged to determine (51) an error estimate rep- 
resenting the erroneousness of the signal path generated and to compare (52) 
5 the error estimate with a predetermined threshold value, and that 

the equipment is also arranged to recognize (53) the reception of 
the interfering signal if the error estimate is greater than the predetermined 
threshold value. 

6. Equipment as claimed in claim 5, characterized in that it 
10 is arranged to use in the comparison (52) an error estimate of a signal path 

corresponding to a half timeslot (20 or 22). 

7. Equipment as claimed in claim 5 or 6, characterized in 
that a signal path error metric which is generated by means of quadratic errors 
calculated on the basis of the difference between individual symbol sequence 

15 specific sample points and corresponding reference constellation points con- 
structed on the basis of the channel estimate describing the state of the radio 
channel used is used as the error estimate representing the erroneousness of 
the signal path. 

8. Equipment as claimed in claim 5, 6 or 7, characterized in 
20 that it comprises two or more parallel modulation detectors preferably of differ- 
ent types for generating two or more alternative signal paths from the received 
timeslot or a portion thereof, the equipment being arranged to determine an 
error estimate of each signal path and to select the signal path having the best 
error estimate to be used in the comparison. 
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